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1 SUMMARY OF INTERLABORATORY STUDY 91-5 


Interlaboratory Study 91-5 was initiated as part of an on-going program of 
laboratory performance management studies conducted by the Quality 
Management Office of Laboratory Services Branch, Environment Ontario. It 
assesses the performance of participating laboratories for the analysis of Dissolved 
Organic Carbon (DOC) and Total Organic Carbon (TOC) in spiked reagent water 
and in effluents. Twenty-nine laboratories (government, industry, and commercial) 
agreed to participate in this study. Participants received two spiked and one 
unspiked sample in reagent water and in a Sewage Treatment Plant effluent. 
Results were received from twenty-four participants for DOC and from twenty-five 
participants for TOC. The test groups are MISA Analytical Test Group 5a (DOC) 
and 5b (TOC). 


Most participants were able to achieve acceptable performance on both the 
reagent water and the effluent samples for both DOC and TOC analysis. Most 
participants that were flagged had erratic performance, i.e. one result agreed with 
the target and interlaboratory mean and median while the other result differed from 
the target and interlaboratory mean and median. Table | below summarizes the 
grouping of the participating laboratories. 


TABLE | 
SUMMARY OF STUDY FINDINGS - DOC AND TOC 


DOC n=24 TOC 


Reagent Water Reagent Water 
n = 24 
Evaluation Point Target Target Target Target/ 
Median 
Acceptable 14 13 9 21 
(58%) (54%) ( (79.5%) (84%) 
5 
) 


1 
Out of Control or 6 2 2 
Erratic (25%) (21%) (8% (8%) 
Low (Slope or 1 
Intercept) (4%) 
1 
) 


(13%) 





Page 2 


2 


INTRODUCTION 


Interlaboratory performance studies are conducted to assess the comparability and 
accuracy of data among different laboratories. These studies are useful for the 
identification of biases, precision and accuracy problems. Participation in such 
studies can serve as a guide for improving individual laboratory performance and 
maintaining performance standards. The Quality Management Office, Laboratory 
Services Branch, Environment Ontario has instituted an on-going program of 
interlaboratory studies to assess and enhance the performance of environmental 
laboratories providing analytical services. 


This study was designed to assess the analytical variability among laboratories for 
the analysis of Dissolved Organic Carbon (DOC) and Total Organic Carbon (TOC) 
in spiked reagent water and effluent. These tests were chosen from the MISA 
(Municipal and Industrial Strategy for Abatement) General Regulation’. 
Participants were requested to use methods which conformed to the MISA 
analytical principles and protocols given in the General Regulation’. 


Twenty-nine laboratories (government, industry, and commercial) agreed to 
participate in this study. Results were received from twenty-four participants for 
DOC and from twenty-five participants for TOC. A list of participants is given in 
Appendix 2. Each participant was assigned a unique identification code to 
maintain confidentiality. 


Section 3 describes sample preparation, sample distribution, analytical 
methodology, and data evaluation procedures. Final results are tabled in Appendix 
1 and discussed in Section 4. 


PROCEDURE 
3.1 Preparation of Samples 


A spiking solution of Potassium Hydrogen Phthalate was prepared in 
distilled, deionized water and sealed into ampoules. 


The reagent water blank was prepared by measuring 20 litres of distilled, 
deionized water (DDW) into a stainless steel tank. 12 mL of Sulfuric Acid 
was added to the tank and stirred for 10 - 20 minutes. The pH was verified 
as <2.0 (actual result = 1.9). The solution was dispensed into 500 mL 
PET500 bottles and labelled "D7". 


In a similar manner as above, the reagent water Low Spike was prepared 
by including an appropriate amount of the Spiking Stock (using volumetric 
glassware) in the 20 litre DDW solution. After stirring, the solution was 
dispensed into 500 mL bottle and labelled "D8". The reagent water High 
Spike was made in the same manner and labelled "D9". 


3.2 


3.3 


3.4 
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A bulk sample of effluent was collected from the Lakeview Sewage 
Treatment Plant on October 31, 1991. The effluent was filtered prior to use 
in preparing the interlaboratory study samples. The unspiked effluent and 
the two spiked effluent samples were prepared in the same manner as the 
reagent water samples above. The unspiked effluent was labelled "E7", the 
Low Spike was labelled "E8" and the High Spike was labelled "E9". 


Spiking levels for all samples are included in Tables 1 and 2 in Appendix 
ule 


Sample Distribution 


Samples were packed and stored overnight at 4°C. Samples were shipped 
the following day by Purolator Courier to the participating laboratories. A 
list of the laboratories receiving sample sets is given in Appendix 2. 
Samples were shipped on November 5, 1991. A copy of all 
correspondence is also included in Appendix 2. 


Analytical Methodology 


Participating laboratories were requested to analyze the samples using 
routine in-house methods that complied with the principles and protocols 
outlined in Schedule 3 of the MISA General Regulation’. Participants were 
requested on the report form provided (Appendix 2) to summanze their 
Sample Preparation Principles and Instrumental Measurement Method 
Principles. All participants were assigned a unique identification code. 


Data Evaluation Techniques 


Results were submitted to the Quality Management Office, LSB in written 
form. All data were manually entered by laboratory code into an electronic 
spreadsheet. Some participants were able to analyze for only DOC or 
TOC. Individual reasons provided by each participant are included in the 
Individual Laboratory Performance described in Section 4. 


The participating laboratories who reported results were mailed a copy of 
the tables of results on January 15, 1992. 


The mean, median and standard deviation were calculated for each 
parameter in each sample and are included in Tables 3 and 4, Appendix 1. 


The spiked reagent water samples and the spiked effluent samples were 
evaluated using the technique outlined in References 2 and 3. This results 
in identifying an area of acceptable performance based on the precision of 
the participating laboratories. The DOC and TOC results were evaluated 
separately. The results for the spiked reagent water samples (D8 and D9) 
were evaluated as reported and re-evaluated after subtracting any reported 
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values for the unspiked reagent water sample (D7). The background level 
of DOC or TOC reported in the unspiked effluent sample (E7) was 
subtracted from each participants’ results for the spiked samples (E8 and 
E9) prior to using the King-Selliah Technique**. All data sets were 
evaluated versus the target and versus the interlaboratory median. This 
Automated Evaluation Technique’ is summarized as follows: 


le Two samples at different concentrations are split among a number 
of laboratories and analyzed as requested. Results are entered into 
an electronic spreadsheet and programs (macros) are coded to 
perform the manipulations. The evaluation technique is performed 
after the participants have verified their results (see above). 


2 High sample data evaluation: 
i) Reject all results which differ from the median (H,,) by more 
than 10%. 
ii) Calculate median (H), mean and standard deviation (S,). 


iii) Reinclude results if within 3 times S,. 
iv) Reiterate ii) and iii) until no further results are included. 


v) Calculate relative standard deviation of final selected results 
(CV,). 
3) Low sample data evaluation: 
i) Use 3 x CV, x median(L,,) to exclude possible outliers. 
ii) Calculate median (L), mean and standard deviation (S). 


iii) Reinclude results if within 3 times S,. 
iv) Reiterate ii) and iii) until no further results are included. 


4. Paired sample performance criteria: 


i) Examine ratio of S,/S;: If <2, use results as reported in 
concentration units. Otherwise convert results to percent 
recovery based on target value, if known, or use recovery 
relative to median value - H, L. 

ii) Prepare paired sample scatter dagiams of all results (Youden 
plots). 

ili) Calculate perpendicular distances from each point to the two 
45° lines (Slope and Intercept error lines) and select the 
lesser of the two perpendicular distances (PD). 

iv) Determine the median PD. 

v) Determine the mean of all PD values less than 2.5 times the 
median and use this mean to estimate the repeatability S,.. 

vi) Set warning limits for repeatability: 2 times S,,. 

vii) Set control limits for repeatability: 3 times S,. 

viii) | Set warning limits for possible bias: 3 times S, (same as vii). 

ix) Set control limits for possible bias: 4.5 times Sy. 
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5. Code performance and summarize in table 
i) In upper left or lower right quadrant - Erratic 
ii) In lower left or upper right quadrant - Biased Low or High 


iii) On horizontal or vertical axis - Out of Control 

iv) On diagonal line through origin - Slope or Standard problem 

v) On diagonal line not through origin - Intercept or blank 
problems. 


The performance evaluation of each participant using the above technique 
is summarized in Tables 5 and 6. The graphical results are presented in 
Figures 1-8, Appendix 1. 


The results for the spiked effluent samples (E8 and E9) were also plotted 
using the Youden technique“ without subtracting the results for the unspiked 
effluent (E7). These are included in Appendix 1 as Figures 9 and 10. 


DISCUSSION 
OVERVIEW OF INTERLABORATORY PERFORMANCE 


Most participants did not detect any DOC in the unspiked reagent water sample 
(D7). However, six laboratories did report a value of DOC in sample D7. The 
King-Selliah Technique** was applied to the data set using both the uncorrected 
and the corrected results for five of the laboratories reporting a value for D7. The 
correction was not applied to Laboratory 9040’s results as it would have resulted 
in negative results (See Individual Performance below). 


The interlaboratory mean and median (both corrected and uncorrected) for the Low 
Spike in reagent water (D8) show good agreement with the target. The 
interlaboratory mean and median for the High Spike in reagent water (D9) are 
slightly lower than the target value. When the data sets were evaluated* versus 
the median as opposed to the target, there was a slight shift in the centre point of 
the area of acceptable performance. The evaluation versus the median resulted 
in a smaller value for S, (Table 3), so that two participants that were Acceptable 
versus the target were shifted as Warning High and one participant that was 
Erratic versus the target moved to Warning: Slight Imprecision (Table 5). See 
Individual Performance below for discussion of possible causes for these changes 
in rank. 


Subtracting the reported value for D7 from the spiked samples D8 and D9 did not 
affect the laboratory’s ranking in some instances. For one laboratory performance 
shifted outside the acceptable area while for others performance improved. 
Possible reasons for these affects are discussed individually below. These 
variations in effect caused by correcting for the results for the unspiked sample 
indicate that caution is required when applying a correction factor. Data must be 
examined carefully so that the use of a correction factor is justified. 
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To evaluate the DOC results in the spiked effluent samples (E8 and E9), the 
reported values for the unspiked effluent sample (E7) were subtracted from the E8 
and E9 results. This was necessary as the background level of DOC in the 
effluent is considerably higher than the spike level in both spiked samples. 


As with the reagent water sample, the interlaboratory mean and median 
(background corrected) of the Low Spike in effluent (E8) showed good agreement 
with the target value. The variability (standard deviation) was very similar for both 
matrices at this level (Table 3). The mean and median (background corrected) of 
the High Spike in effluent (E9) were lower than the target value. Variability was 
greater in the effluent matrix than the reagent water for the higher spiked samples 
(Table 3). 


The King-Selliah Technique* was applied only to the corrected effluent sample 
results. When evaluated versus the median as opposed to the target, there is a 
noticeable shift in the centre point for the area of acceptable performance (Figures 
2 and 4). This is due to the lower value for the interlaboratory median for E9 as 
noted above. As a result, several laboratories who were Acceptable when 
evaluated versus the target being flagged as Out of Control or High when 
evaluated versus the median (Table 5). Laboratories that had acceptable 
agreement with the target in these circumstances should not consider that their 
performance is inadequate, but should continue to maintain high standards of 
performance. 


Similar patterns are noted for the TOC results in reagent water as for the DOC 
results noted above. For the effluent samples, there was no difference in the 
ranking of the participants, whether they were evaluated versus the target or the 
median (Table 6). 


The spiking level used for the effluent samples was considerably lower than the 
background level of DOC and TOC. The ranking assigned to the participants 
using the King-Selliah Technique* was done on the corrected results and is at a 
much lower level than the samples were actually analyzed. To determine the 
interlaboratory consensus, the results for the spiked effluent samples (E8 and E9) 
were plotted without subtracting the value for the unspiked sample (E7) using a 
Youden two-sample plot*. This was done for both DOC (Figure 9) and TOC 
(Figure 10), with each figure divided into quadrants based on the interlaboratory 
medians. Participants whose results appeared noticeably different from the main 
group were identified. 


The results in Figures 9 and 10 show good within-laboratory precision for most 
laboratories for both DOC and TOC, as the majority of points lie on the diagonal 
line between the origin and the intersection of the medians. The data points are 
tightly clustered and the main source of difference among these laboratories can 
be attributed to a difference in standards. 
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INDIVIDUAL LABORATORY PERFORMANCE 


Laboratory 9002 


This laboratory analyzed only for TOC. They had Acceptable Performance for all 
samples in both matrices with no contamination in the unspiked reagent water 
sample (D7). 


Laboratory 9003 


This laboratory analyzed only for DOC. They had Acceptable Performance for all 
samples in both matrices with no contamination in the unspiked reagent water 
sample (D7). 


Laboratory 9005 


This laboratory had Acceptable performance for both DOC and TOC in all samples 
in both matrices with no contamination in the unspiked reagent water sample (D7). 


Laboratory 9006 


This laboratory had Acceptable performance for both DOC and TOC in all samples 
in both matrices with no contamination in the unspiked reagent water sample (D7). 


Laboratory 9010 


Laboratory had no contamination of the unspiked reagent water sample (D7). 
Their results for DOC were Out of Control or Erratic in both matrices (Table 5). 
Their result for D9 was low relative to the interlaboratory mean and median while 
their result for E9 was high relative to the interlaboratory mean and median. 
Results for D8 and E8 had good agreement with the interlaboratory mean and 
median. The same effect was noted for their results for TOC (Table 6). Sample 
E9 may have been contaminated, but no clear explanation for the low results for 
sample D9 are evident. 


Laboratory 9011 


Laboratory 9011 reported a result for the unspiked reagent water sample (D7) for 
DOC. When evaluated versus the target, they had Acceptable performance. 
When evaluated against the median, they are ranked Warning High (Table 5). 
When their result for D7 was subtracted from D8 and D9 and evaluated versus the 
median, their rank improves to Acceptable. This apparent improvement in 
performance versus the median is affected by the lower interlaboratory median 
value for D9 relative to the target value. As the flag was a warning, overall 
performance is acceptable. They had Acceptable performance in the effluent 
samples. 
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For TOC, Laboratory 9011 did not report a value for the unspiked reagent water 
sample (D7). They had Acceptable performance versus the target. When the 
reported values for D7 were not subtracted from samples D8 and D9, they had 
Acceptable performance versus the median. When the values for D7 were 
subtracted (for other participants), oeverall performance improved and the value 
of S, became smaller (Table 4), resulting in a tighter area of acceptable 
performance. Laboratory 9011 becomes flagged as Warning High with an 
Intercept problem under the latter condition. As the flag was a warning, overall 
performance is acceptable. They had Acceptable performance in the effluent 
samples. 


Laboratory 9012 


This laboratory did not report any result for the unspiked reagent water sample 
(D7). They were flagged as Out of Control for DOC in the reagent water samples 
and Erratic in the Effluent samples (Table 5). For D8 and E9, they were high 
relative to the interlaboratory mean and median and the target. For sample D9 
and E8, the had good agreement with the interlaboratory mean and median and 
the target. More consistent application of their method is recommended. 


For TOC, they were flagged as Out of Control or High with Intercept problems in 
the reagent water samples (Table 6). For the effluent samples, they had 
Acceptable performance for TOC. However, their results for the effluent samples 
are higher than many of the other participants and show a high bias (Table 2, 
Figure 10). This suggests a bias in their calibration standards and should be 
checked using reference materials. 


Laboratory 9015 


This laboratory was unable to report any results for this study. 


Laboratory 9016 


This laboratory analyzed only for DOC. They had Acceptable Performance for all 
samples in both matrices with no contamination in the unspiked reagent water 
sample (D7). 


Laboratory 9019 


Laboratory 9016 was flagged as Warning Low with Slope or Intercept problems for 
both the reagent water and the effluent samples (Table 5). This suggests a bias 
in their calibration standards and should be checked using reference materials. 


Laboratory 9016 had Acceptable performance for TOC in the reagent water 
samples (Table 6), but were flagged Low in the effluent samples. Their results for 
the effluent samples show little difference between the spiked and unspiked 
samples (Table 2), so that when the amount reported in E7 was subtracted from 
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E8 and E9, they were flagged low. This suggests that their method is not as 
sensitive for the matrix used in this interlaboratory study. 


Laboratory 9020 


Laboratory 9020 reported a value for the unspiked reagent water sample for DOC 
and TOC. They had Acceptable performance for both tests in the reagent water, 
and their rank did not change when their reported result for D7 was subtracted 
from D8 and D9 (Tables 5 and 6). The had Acceptable performance for DOC and 
TOC in the effluent samples. 


Laboratory 9021 


This laboratory analyzed only for TOC. They reported a value for the unspiked 
reagent water sample (D7). They were flagged High when their value for D7 was 
not subtracted from D8 and D9, but their performance improved to Acceptable 
when the correction was made (Table 6). This suggests laboratory contamination 
of the samples and greater care should be taken in sample handling. They had 
Acceptable performance for the effluent samples. 


Laboratory 9023 


Laboratory 9023 reported a value for DOC in the unspiked reagent water sample 
(D7). They had Acceptable performance for the spiked reagent water samples 
using the reported values for D8 and D9. Their rank shifted from Acceptable to 
Low with an Intercept problem when their reported result for D7 was subtracted 
from D8 and D9. This suggests contamination of sample D7. 


They reported a low result for TOC in the unspiked reagent water sample (E7). 
Subtracting or not subtracting this value had no effect on the performance for TOC 
which was Acceptable in both matrices (Table 6). 


Laboratory 9024 


Laboratory 9024 was flagged Low with a Slope error in the reagent water samples 
for DOC. They did achieve Acceptable performance for the effluent samples. It 
is recommended that they confirm their calibration standards with reference 
materials. 


Their results for TOC were Acceptable versus the target but were flagged as 
Warning Low versus the median for the reagent water samples. The value for S, 
is smaller versus the median, resulting in a tighter area of acceptable performance. 
As this lab is only in the warning area, performance is considered acceptable. 
They had Acceptable performance for the effluent samples. 
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Laboratory 9025 


Laboratory 9025 did not detect DOC in the low spike (D8) and had a very low 
result for D9. They had Acceptable performance for DOC in the effluent samples. 
However, this flag is based on the relationship of the spiked versus unspiked 
effluent samples. Their actual results for the effluent samples are lower than all 
of the other participants (Table 1 and Figure 9). This suggests a bias in their 
calibration standards and should be checked using reference materials. 


They were assigned Acceptable performance for TOC in the reagent water 
samples versus the target when the reported results for D7 had not been 
subtracted from the D8 and D9 results (for some other participants). For all other 
combinations of evaluating the reagent water samples, this laboratory was flagged 
as Warning, Out of Control (Table 6). This is due to the low result of D9 relative 
to the interlaboratory mean and median and the target. They had Acceptable 
performance for the effluent samples. 


Laboratory 9026 


Laboratory 9026 did not detect DOC in the low spike (D8) and had a low result for 
sample D9. They achieved Acceptable performance for the effluent samples. As 
their results for the uncorrected effluent samples had good agreement with the 
other participants (Table 1 and not labelled in Figure 9), it appears that this 
laboratory's method is not sufficiently sensitive at the lower levels of the unspiked 
reagent water samples. 


For TOC, they also were insufficiently sensitive at the lower levels to achieve good 
results for the reagent water samples (Table 2). They also did not distinguish 
between the unspiked effluent (E7) and the low effluent spike (E8). They were 
flagged as Low and/or Erratic for this test (Table 6). Further method development 
may improve the sensitivity of their method. 


Laboratory 9027 


Laboratory 9027 was flagged as Out of Control for DOC in the reagent water 
samples (Table 5). This is due to the high result they had for D8 relative to the 
interlaboratory mean and median and the target. They had Acceptable 
performance for the effluent samples. 


They had Acceptable performance for TOC in the reagent water samples but were 
flagged Erratic for the effluent samples (Table 6). The flag for the effluent samples 
is due to their not distinguishing between the unspiked effluent (E7) and the low 
effluent spike (E8). This suggests that their method is not as sensitive for the 
matrix used in this interlaboratory study. 
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Laboratory 9028 


Laboratory 9028 was flagged High with an Intercept problem for DOC in the 
reagent water samples. They should check their analytical system to determine 
how well they are setting their baseline. They had a warning of slight imprecision 
for the effluent samples when evaluated versus the target but were flagged as Out 
of Control versus the median. This is due to their result for E9 being higher than 
the interlaboratory median. 


For TOC, Laboratory 9028 was flagged Warning High with Intercept problems 
versus the target in reagent water. They had Acceptable performance versus the 
median when the reported results for D7 had not been subtracted from the D8 and 
D9 results (for other participants). They were flagged High with Intercept problems 
when the correction for D7 was made (Table 6). As with DOC, they should check 
their analytical system to determine how well they are setting their baseline. They 
had Acceptable performance for TOC in the effluent samples. 


Laboratory 9030 


Laboratory 9030 reported a result for the unspiked reagent water sample (D7) for 
DOC. When evaluated versus the target, they had Acceptable performance. 
When evaluated against the median, they are ranked Warning High (Table 5). 
When their result for D7 was subtracted from D8 and D9 and evaluated versus the 
median, their rank improves to Acceptable. This apparent improvement in 
performance versus the median is affected by the lower interlaboratory median 
value for D9 relative to the target value. As the flag was a warning, overall 
performance is acceptable. They had Acceptable performance in the effluent 
samples. 


They reported a low result for TOC in the unspiked reagent water sample (E7). 
Subtracting or not subtracting this value had no effect on the performance for TOC 
which was Acceptable in both matrices (Table 6). 


Laboratory 9031 


Laboratory 9031 required unpreserved samples for DOC and therefore was unable 
to analyze the study samples for this test. Their results for TOC were flagged 
High with an Intercept problem in the reagent water samples. They should check 
their analytical system to determine how well they are setting their baseline. They 
had Acceptable performance for the effluent samples. 


Laboratory 9033 


Laboratory 9033 reported results only for DOC. They added the following note 
regarding the lack of results for TOC: "According to MISA Regulations, TOC is 
required only if the TSS is greater than 15 mg/L". 
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They reported a value for the unspiked reagent water sample (D7). Their 
performance for DOC was very inconsistent. They were flagged Erratic versus the 
target and Acceptable with slight imprecision versus the median when the result 
for D7 was not subtracted from D8 and D9. When the result for D7 was 
subtracted, they were flagged Low with a Slope problem in both cases. For the 
effluent samples they were flagged Out of Control versus the median but were 
Acceptable with slight imprecision versus the target. More consistent application 
of their method should help improve their performance. 


Laboratory 9034 


This laboratory had Acceptable performance for both DOC and TOC in all samples 
in both matrices with no contamination in the unspiked reagent water sample (D7). 


Laboratory 9038 


This laboratory had Acceptable performance for both DOC and TOC in all samples 
in both matrices with no contamination in the unspiked reagent water sample (D7). 


Laboratory 9039 


Laboratory 9039 was flagged Warning Low for DOC in reagent water when the 
reported value for D7 (unspiked reagent water sample) was not subtracted from 
the results for D8 and D9 (other participants). They were assigned Acceptable 
performance when the correction for D7 was made (Table 5). When the correction 
is made, there is a change in the area of acceptable performance (Table 3), 
allowing for the change in Laboratory 9039’s ranking. As the flags are in the 
warning area, their performance is considered acceptable. They had Acceptable 
performance for TOC in both matrices. 


Laboratory 9040 


Laboratory 9040 reported a value for the unspiked reagent water sample (D7). 
This value was higher than the result reported for the low spike (D8), so it was not 
subtracted from the spiked sample results for the evaluation procedure. As they 
had Acceptable performance for DOC in the reagent samples, it appears that 
sample D7 was contaminated. They were flagged as Warning Low for the effluent 
samples. Their method may be less sensitive for the matrix used in this study. 
They had Acceptable performance for TOC in both matrices. 


Laboratory 9042 


This laboratory had Acceptable performance for both DOC and TOC in all samples 
in both matrices with no contamination in the unspiked reagent water sample (D7). 
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Laboratory 9045 


This laboratory analyzed only for TOC. The low spike in the reagent water sample 
(D8) was below their detection limit, so they were not included in the evaluation. 
Their result for D9 had good agreement with the target and was higher than the 
interlaboratory mean and median. They had Acceptable performance for the 
effluent samples. 


Laboratory 9047 


This laboratory had Acceptable performance for both DOC and TOC in all samples 
in both matrices with no contamination in the unspiked reagent water sample (D7). 


Laboratory 9048 


Laboratory 9048 had Acceptable performance for DOC in the reagent water 
samples. For the effluent samples, they had Acceptable performance versus the 
target but were flagged as Warning High versus the median. Their result for E9 
was high compared to the interlaboratory median. They had Acceptable 
performance for TOC in both matrices. 
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Interlaboratory Comparisons"; 1992; Proc. of C.I.C. Conf. (Edmonton). 


3 Selliah, S.S.; An Automatic Graphical Procedure for Rapid Evaluation of 
Interlaboratory Studies; 1992; Queen's Printer for Ontario. ISBN 0-7729- 


9894-9. 


9: Youden, W.J. and Steiner, E.H.; Statistical Manual of the Association of 
Official _ Analytical Chemists; 1975; Association of Official Analytical 
Chemists; ISBN 0-935584-14-3. 
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TABLE 1: DISSOLVED ORGANIC CARBON 
RESULTS IN mg/L 


LAB CODE 
SPIKE LEVEL 





Laboratory 9031 required unpreserved samples to analyzed for DOC and was therefore unable to perform this 
analyses in this interlaboratory study. 
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TABLE 2: TOTAL ORGANIC CARBON 
RESULTS IN mg/L 





This laboratory appended the following note: "According to MISA Regulations, TOC is required only if TSS is 
greater than 15 mg/L.” They did not report results for this test for this interlaboratory study. 
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TABLE 3 - STATISTICAL SUMMARY - DISSOLVED ORGANIC CARBON 


RS TT SE EH 
Comme [oe Le | voor | com | co | co 
Be nl es Je | 
wean | eue | ss | es | se [un] se. 
Menu | eis | s7 | eus | ons | ns | 55 


Re sul ee [NO 2 24 | 0) | 
SELECTED 2.1 2.04 5.9 1.9 5.5 
MEDIAN 
SELECTED 0.278 0.255 0.215 0.385 0.616 
STD DEV 
RE Ce a Ps | 
S/S = 3.389 1.598 


TABLE 4 - STATISTICAL SUMMARY - TOTAL ORGANIC CARBON 


ees) | nescenr waren | erruent | | 
| sawere | 06 | oo | oeor | voor | cs | © | 
re re SC ES SE 
| mean | 2258 | aoa | 207% | 5670 | 177 | so | 
Dee es 1] se Mo | sa | 119 | 501 | 
25 

2.3 





SELECTED 2 5.9 1.9 5.85 
MEDIAN 
SELECTED 0.260 0.572 0.290 0.789 0.296 0.429 
STD DEV 
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TABLE 5 - PERFORMANCE EVALUATION - DISSOLVED ORGANIC CARBON 








KEY TO SUMMARY TABLE 


Acceptable Performance 

Warning: Biased low, Probable intercept problem 
Warning: Biased low, Probable slope problem 
Warning: Out of control - one result erratic 
Biased low, Probable slope problem 

Biased low, Possible slope problem 

Biased low and/or erratic 

Biased high, Probable slope problem 

Biased high, Possible slope problem 

Biased high and/or erratic 

Both results erratic 


fn REAGENT WATER EFFLUENT 


Fa TARGET | weiAN | rarcer | MEDIAN | 
| cove | ps vs os | D8-D7 VS D9-D7 | Ds VS D9 | D8-D7 VS D9-D7 | _—E8-E7 VS E9-E7 






Warning: Slight imprecision 

Warning: Biased high, Probable intercept problem 
Warning: Biased high, Probable slope problem 
Biased Low, Probable intercept problem 

Biased low, Possible intercept problem 

Biased low 

Biased high, Probable intercept problem 

Biased high, Possible intercept problem 

Biased high 

Out of control - one result erratic 
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TABLE 6 - PERFORMANCE EVALUATION - TOTAL ORGANIC CARBON 
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v APPENDIX 2 - LIST OF PARTICIPANTS AND CORRESPONDENCE 
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LIST OF PARTICIPANTS 


BAS Labs Ltd. 

14 Abacus Road 
Brampton, Ontario 
L6T 5B7 


Contact: Daniel Andrews 
(416) 458-4505 


Barringer Laboratories Ltd. 
5735 McAdam Rad. 
Mississauga, Ontario 

L4Z 1N9 


Contact: Dr. Michael Dancziger 
(416) 890-8566 


Conestoga Rovers & Assoc. Ltd. 


86 Rankin Street 
Waterloo, Ontario 
N2V 1V9 


Contact: Wayne Smith 
(519) 884-0510 


Shell Canada Products Ltd. 
Sarnia Manufacturing Centre 
‘D’ Building 

Corunna, Ontario 

NON 1G0 


Contact: Dave Pillon 
(519) 481-1396 


XRAL Environmental 
1903 Leslie Street 
Don Mills, Ontario 
M3B 2M3 


Contact: Karen Lopez 
(416) 445-5809 


Zenon Environmental Inc. 
5555 North Service Rd. 
Burlington, Ontario 
E7ESH7 


Contact: Mary Pejic 
(416) 332-8788 


Ontario Ministry of the Environment 
Laboratory Services Branch 

Water Quality Section, MISA Unit 
125 Resources Rd., P.O. Box 213 
Rexdale, Ontario, M9W 5L1 


Contact: Peter Campbell/Susan Janhurst 
(416) 235-5872/6048 


Bondar Clegg 
5420 Canotek Rd. 
Ottawa, Ontario 
K1J 8X5 


Contact: Mike Ziebell 
(613) 749-2220 


Microbe Inc. 

85 Midpark Rd. 
London, Ontario 
N6N 1B2 


Contact: Debbie Boersma 
(519) 668-1005 


Technical Service Laboratories 
1301 Fewster Dr. 

Mississauga, Ontario 

L4W 1A2 


Contact: Nick Boulton 
(416) 625-1544 
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Ontario Ministry of the Environment 
London Regional Laboratory 

985 Adelaide St. South 

London, Ontario 

N6E 1V3 


Contact: Walter Cook/Roger Rioux 
(519) 661-2266/2240 


Lakefield Research 
185 Concession St. 
P.O. Bag 4300 
Lakefield, Ontario 
KOL 2H0 


Contact: David Hevenor 
(705) 652-3341 


CanTest Ltd. 

Suite 200 

1523 West 3rd Ave. 
Vancouver, B.C. 
V6J 1J8 


Contact: Robert Hunter 
(604) 734-7276 


Novacor Chemicals (Canada) Ltd. 
P.O. Box 3060 

Sarnia, Ontario 

N7T 7M1 


Contact: Percy Holder 
(519) 862-2911 ext. 2268 


Atomic Energy of Canada Ltd. 
Chalk River Nuclear Laboratories 
Chalk River, Ontario 

KOJ 1J0 


Contact: Jiri Jirovec 
(613) 584-3311 : 


Walker Laboratories 
2800 Townline Rd. 
P.O. Box 100 
Thorold, Ontario 
L2V 3Y8 


Contact: Brian Fell 
(416) 227-1158, ext 279 


Ontario Hydro 

Chemical Research Dept. 
800 Kipling Ave., KR310 
Toronto, Ontario 

M8Z 5S4 


Contact: Dr. Otto Herrmann (Husain Mehdi) 


231-4111 Ext. 6262 (Ext. 6987) 


Pollutech Ltd. 
768 Westgate Rd. 
Oakville, Ontario 
L6L 5N2 


Contact: Erin Teeft 
(416) 847-0065 


Proctor and Redfern 
45 Greenbelt Drive 
Don Mills, Ontario 
M3C 3K3 


Contact: Denise Archer 
(416) 445-3600 


Canviro Analytical Laboratories Ltd. 
50 Bathurst Dr., Unit 12 

Waterloo, Ontario 

N2V 2C5 


Contact: Annette Bibaud 
(519) 747-2575 


Enviroclean 

921 Leathorne Street 
London, Ontario 

N5Z 3M7 


Contact: Lynn Arsenault 
(519) 686-7558 


Wastewater Technology Centre 
867 Lakeshore Rd., Box 5068 
Burlington, Ontario 

L7R 4L7 


Contact: Jim Fraser 
(416) 336-4719 


Ontario Ministry of the Environment 
Laboratory Services Branch 

Water Quality Section, Colorimetry Unit 
125 Resources Rd., P.O. Box 213 
Rexdale, Ontario, M9W 5L1 


Contact: Mike Rawlings/Susan Janhurst 


(416) 235-5880/6048 


B.C. Research 

3650 Wesbrook Mall 
Vancouver, B.C. 
V6S 2L2 


Contact: Stan Brynjolfson 
(604) 224-4331 


ASL Analytical Service Laboratories 
Ltd. 

1988 Triumph St. 

Vancouver, B.C. 

VSL 1K5 


Contact: James R.Downie 
(604) 253-4188 
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Sunoco - Sarnia Refinery 
P.O. Box 307 

Sarnia, Ontario 

N7T 7J3 


Contact: Dave MacMillan/Don Waugh 
(519) 337-2301 ext. 417/227 


Environmental Protection Laboratories Inc. 
6850 Goreway Dr. 

Mississauga, Ontario 

L4V 1P1 


Contact: Luc Dionne/Tim Munshaw 
(613) 673-3255 


Manitoba Environment 

W.M. Ward Technical Services Laboratory 
745 Logan Ave. 

Winnipeg, Manitoba 

R3E 3L5 


Contact: Larry Prokopanko/Donna Collins 
(204) 945-1156 


Regional Municipality of Waterloo 
Engineering Laboratory 

100 Maple Grove Rd. 

R.R. #31 

Cambridge, Ontario 

N3H 4R6 


Contact: David Andrews 
(519) 885-9500 
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MOE INTERLABORATORY VARIABILITY STUDY NOTIFICATION 
FOR THE ANALYSIS OF TRACE INORGANIC COMPOUNDS 


STUDY NO. 91-3, STUDY 91-4, & STUDY 91-5 


INTRODUCTION 


Laboratories receiving this notification are invited by Environment Ontario, Laboratory 
Services Branch, to participate in three different interlaboratory variability studies of spiked 
reagent water and spiked mixed effluent, conducted using MISA analysis protocols. 
Laboratories interested in participating in this program, scheduled for three successive 
weeks commencing with the week of October 21, 1991, should contact Sylvia Cussion 
at (416) 235-5842 of Environment Ontario to confirm participation. Written confirmation 
(attached response sheet) must be submitted to Environment Ontario no later than 
October 15, 1991 (FAX: (416) 235-6110). 











BACKGROUND 


This study is being conducted to assist laboratories in assessing their analytical 
performance in conjunction with the MISA program. All procedures should follow those 
principles and protocols outlined in the MISA regulations (Ontario Reg. 695/88 as 
amended to Ontario Reg. 533/89). These studies target three different MISA test groups. 
Separate sets of samples will be distributed for each analytical test, one set each per 
week, for three successive weeks. Sample sets will include spiked reagent water 
samples and effluent matrix samples. Laboratories may choose to participate in only one, 
two, or all three of the studies. 


The sample schedule is as follows: 


STUDY TEST MISA Group No. of Samples Matrix Preservative Study Date 

1-3 Phenolics 14 3 Reagent Water H,SO, October 22, 1991 
(4AAP) 3 Effluent H,SO, October 22, 1991 

1-4 Solvent 25 3 Reagent Water None October 29, 1991 
Extractables 2 Effluent None October 29, 1991 

1-5 Organic Carbon 5a &b 3 Reagent Water H,SO, November 4, 1991 
DOC & TOC 3 Effluent H,SO, November 4, 1991 
NOTE: If any of the above preservatives present an analytical problem, please 


indicate this on the response form. 
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Participating laboratories are expected to analyze the samples within the time limits 
specified in Schedule 2 of the general MISA regulations (Ontario Reg. 695/88). Blank 
reporting forms will be provided with the samples. Results for all analyses are to be 
reported within thirty (30) days of receipt of the samples to Sylvia Cussion at the following 
address: 


Environment Ontario 

Laboratory Services Branch 
Quality Management Unit 

125 Resources Rd., P.O. Box 213 
Rexdale, Ontario 

MSW 5L1 


SUMMARY OF RESULTS 


All participating laboratories will be assigned a unique identification code. All laboratories 
reporting results will receive a complete set of the results where they will be identified 
only by the identification code. Recommendations made by Environment Ontario will be 
included in the final report. Results will remain confidential and will only be released with 
the written permission of the individual participants. 


It is the intent of this interlaboratory study (along with others) to assess the interlaboratory 
variability and detection capability for a broad range of organics and inorganics. 
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MOE INTERLABORATORY VARIABILITY STUDY NOTIFICATION 
FOR THE ANALYSIS OF TOTAL PHENOLS, OIL & GREASE, AND DOC & TOC 


STUDY 91-3, STUDY 91-4 & STUDY 91-5 
We will participate for the following study(ies): 


NO Minimum Sample 


fe] dti cernes Volume Required 


Study 91-3 
Phenolics (4AAP) 


Study 91-4 
Solvent Extractables 


LE, 


Study 91-5 
Organic Carbon (DOC & TOC) 


For the completeness of our records, and to avoid any shipping delays, please fill in the 
following: 


Mailing Address: Shipping Address: 


Contact Person: 
Telephone: 
Please return this response form by October 15, 1991 to: 


Sylvia Cussion 

Environment Ontario 

Laboratory Services Branch 
Quality Management Unit 

125 Resources Rd., P.O. Box 213 
Rexdale, Ontario, M9W 5L1 


FAX: (416) 235-6110 
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Quality Management Unit 
(416) 235-5842 
FAX: (416) 235-6110 
November 5, 1991 


TO: PARTICIPANTS OF INTERLABORATORY STUDY 91-5 


Please find enclosed six 500 mL plastic bottles for the analysis of Dissolved Organic 
Carbon (DOC) and Total Organic Carbon (TOC), MISA Test Groups 5a and 5b. The 
samples are preserved with H,SO, and are to be used for both tests. The samples are 
labelled as follows: 


Distilled water: D7 D8 D9 
Effluent: E7 E8 EQ 


If you are missing any of the above items, please contact me at the above phone number 
immediately. 


As stated in the notification distributed September 27, 1991, samples should be analyzed 
using the principles and protocols outlined in the MISA General Regulation (Ontario Reg. 
695/88, as amended to Ont. Reg. 533/89). Store all samples in a refrigerator at 4 
degrees Celcius until ready for analysis. Time limit for storage is 10 days. 


To ensure timely release of a summary report, results are to be submitted by December 
13, 1991. Report forms to be used are included with the samples. Please identify all 
sample results with your lab identification number and the sample numbers described 
above. Please contact me if there are any problems or questions re the interlaboratory 
study. Thank you for your participation. 


Your lab identification number is: 


Sincerely, 


Sylvia Cussion 
Lab Quality Audit Scientist 


Page 42 


INTERLABORATORY STUDY 91-5 
DISSOLVED AND TOTAL ORGANIC CARBON 
REPORT FORM 
NOVEMBER 5, 1991 


REPORT DUE DATE: DECEMBER 13, 1991 


LAB IDENTIFICATION CODE: 


SAMPLE DOC (mg/L) TOC (mg/L) 


D7 


D8 


D9 


E7 


E8 


E9 


SAMPLE PREPARATION PRINCIPLES: 


INSTRUMENTAL MEASUREMENT METHOD PRINCIPLES: 
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Quality Management Unit 
(416) 235-5842 
January 15, 1992 


TO: PARTICIPANTS OF INTERLABORATORY STUDY 91-5 


Thank you for your participation in Interlaboratory Study 91-5 for the analysis of Dissolved 
Organic Carbon and Total Organic Carbon. Please find attached a copy of the table of results. 
Please note that some participants analyzed the samples for one test only. If there are any 
transcription errors, please contact me no later than February 7, 1992. A report evaluating the 
results will be prepared and a copy provided to all participants. 


Your lab identification number is: 


Sincerely, 


Sylvia Cussion 

Lab Quality Audit Scientist 
(416) 235-5842 

FAX (416) 235-6110 


ATTACHMENT 
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